Enterohemorrhagic Escherichia coli (EHEC) strains cause hemorrhagic colitis (HC) and, occasionally, hemolytic-uremic syndrome (HUS) in humans. EHEC strains express two Shiga toxins, Stx1 and Stx2, which contribute to this pathogenesis. Epidemiological evidence indicates that EHEC strains expressing both Stx1 and Stx2 or Stx2 alone are more likely to cause HUS than those expressing only Stx1 (2, 6, 13) . Although the reasons for the greater toxicity of Stx2 remain unclear, they probably relate to a combination of factors (3, 7, (14) (15) (16) (17) .
The cytotoxicity of Stx2, but not Stx1, is neutralized in cell culture assays by the human serum amyloid P (HuSAP) component (4) . HuSAP is an acute-phase protein found in the immunoglobulin-depleted fraction of normal human serum (10). Kimura et al. (4) suggested that the association of Stx2 with HuSAP might also be relevant to EHEC pathogenicity. The experiments described herein represent our efforts to further understand the association of Stx2 with HuSAP.
For the purposes of this investigation, Stx1, Stx2, and their recombinant B pentamers were purified as described previously (9, 10) . The Stx1 and Stx2 B pentamers and their respective A subunits were also prepared and reassembled into hybrid holotoxins as previously described (3) . The Verocytotoxicity assay (1) was used to confirm the biological activities of these reassembled hybrid holotoxins.
The solid-phase binding assays were performed as described previously (4) with the following procedural modifications. The microtiter plate wells were coated with either Stx1, Stx2, or their high-performance liquid chromatography (HPLC)-separated or cloned subunits, and HuSAP binding was detected at 405 nm with the chromogenic substrate 2,2Јazino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS; Roche Diagnostics, Laval, Canada).
The competitive binding inhibition assays were performed as described above, with the exception that serial dilutions of the soluble Stx holotoxins, their HPLC-separated components, or the Daisy Gb3 receptor analog (11) were prepared in 3% bovine serum albumin-phosphate-buffered saline containing 0.1 g of HuSAP per ml and incubated for 1 h at 37°C before adding the samples to the Stx2-coated microtiter plates.
The Ramos cell HuSAP Stx2 neutralization assay involved treating 5 ϫ 10 5 Ramos cells as described previously (8), for 2 h with 0.1-ng/ml Stx holotoxins or hybrid toxins that had been preincubated for 15 min with various concentrations of HuSAP. The cells were then washed with RPMI medium, incubated for an additional 16 h, and finally labeled with fluorescein isothiocyanate (FITC)-conjugated Annexin V (BD Pharmingen, Mississauga, Ontario, Canada) and propidium iodide (Sigma Aldrich) as instructed by the manufacturer. Cellular apoptosis was quantified with a FACscan flow cytometer (Becton Dickinson, Mountain View, Calif.).
The data in Fig. 1 duplicate the results originally published by Kimura et al. (4) and demonstrate that native Stx2, but not Stx1 holotoxin, binds HuSAP in a solid-phase binding assay. In an extension of these experiments by Kimura et al. (4), we now show (also in Fig. 1 ) that HuSAP did not bind to any of the separated Stx1 or Stx2 subunits in this assay. However, HuSAP binding did occur when Stx2 holotoxin that had been reassembled from its separated A subunit and B pentamer was used in the assay. In contrast, we detected only minimal HuSAP binding to the hybrid holotoxin composed of the Stx1 A subunit and Stx2 B pentamer (Fig. 1, insert) . HuSAP binding was not detected when the hybrid holotoxin composed of the Stx2 A subunit and Stx1 B pentamer was used in these experiments. The biological activity of all of these reassembled holotoxins was confirmed in the Verocytotoxicity assay. These data (Fig.  2) demonstrated that the separated Stx subunits had indeed reassembled into fully functional holotoxins.
We considered the possibility that HuSAP may have been unable to access its binding sites on the immobilized separated Stx subunits. To test this, we performed competitive binding inhibition experiments using Stx holotoxins, separated Stx subunits, and hybrid holotoxins in solution-based binding inhibition experiments. In these assays, the hybrid holotoxin composed of the Stx1 A subunit and Stx2 B pentamer and the HPLC-separated Stx2 B pentamer competitively inhibited HuSAP binding to immobilized Stx2 at 10-and 100-fold-higher concentrations, respectively, versus the Stx2 control or reassembled Stx2 holotoxin (Fig. 3) . These results are consistent with the data in Fig. 4 , illustrating that HuSAP neutralizes Stx2 and, to a lesser extent, the Stx 1A/2B hybrid toxin in the Ramos cell apoptosis assay.
The simplest interpretation of these collective results is that, whereas the B pentamer appears to make the more significant contribution, HuSAP binding requires domains from both the Stx2 A subunit and the Stx2 B pentamer.
We rejected the notion that instability of the Stx2 B pentamer, absent the A subunit, contributed to the toxin's reduced ability to bind HuSAP, because we previously demonstrated (9) , and have confirmed herein by HPLC size exclusion chromatography (data not shown), that the recombinant Stx2 B subunits remained stable as pentamers in solution. Absent any X-ray crystallographic evidence to the contrary, it is possible, however, that the tertiary conformation of the Stx2 B pentamer is slightly altered when it associates with the A subunit, thereby exposing cryptic HuSAP binding sites in the Stx2 B subunits.
The globotriaosyl-ceramide receptor-based polyvalent inhibitor called Daisy (11) was also used in the HuSAP competitive binding inhibition assays. We previously reported 50% binding inhibition constants for Daisy in the submicromolar range (11) . Given its demonstrated high avidity for the Stx2 B pentamer, Daisy should have inhibited HuSAP binding to Stx2 if these two ligands indeed competed for the same binding sites in the toxin. However, even at the highest concentration that could be achieved (10 mM), Daisy failed to competitively inhibit HuSAP binding to Stx2 holotoxin (data not shown). At present, it is uncertain if Stx2 binding to HuSAP is at all relevant to EHEC pathogenesis. It is possible that the neutralizing function of HuSAP might prevent the majority of EHEC patients from developing HUS (4). In this instance, the risk of times greater than any circulating Stx2 in an EHEC-infected subject. If so, any decrease in SAP concentration would have to be very dramatic if it was to influence whether an EHECinfected subject developed HUS. Extrapolation of the same arguments to children, who are more at risk for developing the Stx-mediated systemic complications upon EHEC infection, may not be wise, however, because the concentration of SAP in serum is unknown in these subjects and may well be much lower than that in adults. Our continuing studies into the biochemical basis for and biological consequences of Stx2 binding to HuSAP are now focused on resolving these important issues.
